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RFID TAG HAVING COMBINED BATTERY AND PASSIVE POWER SOURCE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to radio frequency (RF) transponders, and more 

particularly, to a radio frequency identification (RFID) transponder that is powered by an 
internal battery and also has an ability to passively recover power from an interrogating 
RF field after the internal battery has become depleted. 

2. Description of Related Art 

ll In the automatic data identification industry, the use of RFID transponders (also 

!J known as RFID tags) has grown in prominence as a way to track data regarding an 
\ A object to which the RFID transponder is affixed. An RFID tag generally includes a 
In semiconductor memory in which digital information may be stored, such as an 
^ electrically erasable, programmable read-only memory (EEPROM) or similar electronic 
11 memory device. An RFID interrogator or reader may recover the digital information 
ill stored in the RFID tag using modulated radio frequency (RF) signals. One such 
^ communication technique is referred to as "backscatter modulation," by which an RFID 
tag transmits stored data by reflecting varying amounts of an electromagnetic field 
provided by the RFID interrogator by modulating the antenna matching impedance of 
20 the tag. The RFID tag can therefore operate independently of the frequency of the 
energizing field, and as a result, the interrogator may operate at multiple frequencies so 
as to avoid RF interference, such as utilizing frequency hopping spread spectrum 
modulation techniques. Since RFID tags using backscatter modulation do not include a 
radio transceiver, they can be manufactured in very small, lightweight and hence 
25 inexpensive units. 

RFID tags either extract their power from the electromagnetic field provided by 
the interrogator (also known as passive RFID tags), or include their own internal power 
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source (e.g., battery). Passive RFID tags that extract their power from the interrogating 
field are particularly cost effective since they lack a power source, and can be 
constructed in smaller package sizes. A drawback of passive RFID tags is that they 
tend to require a shorter distance between the RFID tag and the RFID reader (known as 
the read range) in comparison to battery-powered RFID tags. Unlike passive RFID 
tags, battery-powered RFID tags have a limited life expectancy. Once the internal 
battery becomes depleted, the RFID tag becomes unusable. Since most battery- 
powered RFID tags are not designed to permit replacement of the battery, the RFID tag 
is usually discarded upon depletion of the battery and information stored in the RFID tag 
memory is irretrievably lost. In some cases, it may be critically important to recover the 
information stored in the RFID tag, thereby requiring the RFID tag to be disassembled 
to apply power to the electronic devices therein. 

Accordingly, it would be desirable to provide an RFID tag having the attributes of 
both battery-powered and passively-powered tags. It would further be desirable to 
provide a battery-powered RFID tag that can be passively-powered after the battery 
becomes depleted so that stored information can be easily recovered. 

SUMMARY OF THE INVENTION 

The present invention provides an RFID tag that is powered both by an internal 
battery and passively by an interrogating RF field. As a result, the RFID tag can be 
passively powered after the internal battery has been depleted. 

More particularly, an embodiment of the RFID tag includes electronic circuitry to 
provide RFID functionality, and an energy storage device coupled to the electronic 
circuitry to provide an operational voltage thereto. A battery is operatively coupled to 
the energy storage device to charge the energy storage device. A rectified RF power 
source derived from an interrogating RF field is also operatively coupled to the energy 
storage device to charge the energy storage device. The rectified RF power source and 
the battery are electrically separated from each other. The energy storage device 
remains charged by the battery in the absence of the RF interrogating field while the 
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battery has remaining capacity. After the battery has become depleted, the energy 
storage device is charged by the presence of the RF interrogating field. 

A more complete understanding of the RFID tag having a combined battery and 
passive power source will be afforded to those skilled in the art, as well as a realization 
5 of additional advantages and objects thereof, by a consideration of the following 
detailed description of the preferred embodiment. Reference will be made to the 
appended sheets of drawings which will first be described briefly. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram of an embodiment of a dual power mode circuit for an 

10 RFID tag in accordance with the present invention; and 

Fig. 2 is a block diagram of an embodiment of an RFID tag incorporating the dual 

^ power mode circuit of the present invention. 

P DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention satisfies the need for an RFID tag having the attributes of 
t§ both battery-powered and passively-powered tags. In the detailed description that 
a follows, like element numerals are used to describe like elements illustrated in one or 
;1j more of the figures. 

III Referring first to Fig. 1 , a block diagram of an embodiment of a dual power mode 

□ circuit 10 for an RFID tag in accordance with the present invention is illustrated. The 
20 dual power mode circuit 10 includes an RF source 12, an energy storage capacitor 14, 
a first diode 16, a second diode 18, and a battery 22. The RF source 12 is provided by 
the interrogating RF field transmitted by an RFID reader, that is rectified by the RF front 
end of the RFID tag (not shown in Fig. 1 ). The energy storage capacitor 14 serves as a 
voltage source for the remaining circuitry of the RFID tag (not shown in Fig. 1), and is 
25 coupled to the RF source 12 and the battery 22 in separate, respective charging 
circuits. More particularly, a first charging circuit includes the RF source 12, the first 
diode 16, and the energy storage capacitor 14. The first diode 16 is coupled between 
the RF source 12 and the energy storage capacitor 14 in a forward biased manner so 
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that current from the RF source 12 flows to the energy storage capacitor 14, and not in 
reverse. A second charging circuit includes the battery 22, the second diode 18, and 
the energy storage capacitor 14. The second diode 18 is coupled between the battery 
22 and the energy storage capacitor 14 in a forward biased manner so that current from 
5 the battery 22 flows to the energy storage capacitor 14, and not in reverse. In a 
preferred embodiment of the invention, the first and second diodes 16, 18 are provided 
by Schottky diodes. 

It should be appreciated that the two charging circuits are disparate from each 
other, and there is no coupling between the RF source 12 and the battery 22. Current 

10 from the RF source 12 will not flow to the battery 22, and current from the battery 22 will 
not flow to the RF source 12. Thus, the energy storage capacitor 14 is charged by both 
the RF source 12 and the battery 22. In the absence of an RF interrogating field, the 

*0 RFID tag will remain powered by the battery 22 maintaining the energy storage 
capacitor 14 in a charged state. When the battery 22 becomes depleted, the RFID tag 

13 will be powered passively by the presence of an RF interrogating field 

Fig. 2 illustrates a block diagram of an exemplary RFID tag 30 incorporating the 
dual power mode circuit of the present invention. The exemplary RFID tag 30 includes 

O an RF front end 32, a digital state machine 34, an analog block 36, and a memory 38. 

m The RF front end 32 is coupled to an antenna (not shown), and may include an RF 

iji receiver that recovers analog signals that are transmitted by an RFID reader and an RF 
transmitter that sends data signals back to the RFID reader. The RF transmitter may 
further comprise a modulator adapted to backscatter modulate the impedance match 
with the antenna in order to transmit data signals by reflecting a continuous wave (CW) 
signal provided by the RFID reader. A voltage developed across the antenna inputs of 

25 the RF front end 32 by an RF field is represented by RF source 42. The digital state 
machine 34 provides logic that controls the functions of the RFID tag 30 in response to 
commands provided by the RFID reader that are embedded in the recovered RF 
signals. The digital state machine 34 accesses the memory 38 to read and/or write data 
therefrom. The analog block 36 converts analog data signals recovered by the RF 
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interface 34 into digital signals comprising the received commands, recovers a clock 
from the received analog signals, and converts digital data retrieved from the memory 
38 into analog signals that are backscatter modulated by the RF front end 32. The 
memory 38 may be provided by an EEPROM or like semiconductor memory device 
5 capable of maintaining a stored data state in absence of an applied voltage. The RF 
front end 32, digital state machine 34, analog block 36, and memory 38 communicate 
with each other through respective input/output (I/O) buses, or alternatively, a common 
I/O bus may carry all such communications. It should be appreciated that the RF front 
end 32, digital state machine 34, analog block 36, and memory 38 may be provided by 
10 separate circuit elements, or may be sub-elements of a single mixed-signal integrated 
circuit, such as an application specific integrated circuit (ASIC), field programmable gate 
n array (FPGA), and the like. The RFID tag 30 further includes a battery 52. 
*D As in the embodiment of Fig. 1, the exemplary RFID tag 30 includes an energy 

|I storage capacitor 46 that provides electrical power to the digital state machine 34, 
j J analog block 36, and memory 38. The energy storage capacitor 46 is coupled to the RF 
=0 source 42 and the battery 52 in separate, respective charging circuits. A first charging 
\ M circuit includes the RF source 42, a first diode 44, and the energy storage capacitor 46. 
P The first diode 44 is coupled between the RF front end 32 and the energy storage 
III capacitor 46 in a forward biased manner so that current from the RF source 12 flows to 
41 the energy storage capacitor 46, and not in reverse. The second charging circuit 
l~ includes the battery 52, a second diode 48, and the energy storage capacitor 46. The 
second diode 48 is coupled between the battery 52 and the energy storage capacitor 46 
in a forward biased manner so that current from the battery 52 flows to the energy 
storage capacitor 46, and not in reverse. In a preferred embodiment of the invention, 
25 the first and second diodes 44, 48 are provided by Schottky diodes. 

The two charging circuits are disparate from each other, and there is no coupling 
between the RF source 42 and the battery 52. Current from the RF source 42 will not 
flow to the battery 52, and current from the battery 52 will not flow to the RF source 42. 
The energy storage capacitor 46 is charged by both the RF source 42 and the battery 
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52. In the absence of an RF interrogating field, the RFID tag 30 will remain powered by 
the battery 52 maintaining the energy storage capacitor 46 in a charged state as long as 
the battery has some remaining capacity. After the battery 52 becomes depleted, the 
RFID tag will be powered passively by the presence of an RF interrogating field 

It should be appreciated that the exemplary RFID tag 30 may have substantially 
greater read range when the battery 52 is charging the energy storage capacitor 46 
(e.g., up to ten meters) than when the batter 52 is depleted and the energy storage 
capacitor 46 is charged solely by the RF source 42 (e.g., around one meter). 
Notwithstanding this reduction in read range, the RFID tag can nevertheless be 
passively powered using a conventional RFID reader in order to recover the information 
stored therein. One possible application for the RFID tag 30 having dual power 
charging modes would be an ultra-low current consumption, battery-powered RFID tag 
having extremely long life (e.g., up to ten years). Preferably, such an RFID tag would 
have a small size. Typical commercially available batteries that would satisfy these 
requirements would have very low power capacity (e.g., a rating of 25mA-hr). Thus, the 
read range for such an RFID tag in the battery-powered mode would be generally 
comparable to the RF field-powered mode. 

Having thus described a preferred embodiment of an RFID tag having a 
combined battery and passive power source, it should be apparent to those skilled in 
the art that certain advantages of the invention have been achieved. It should also be 
appreciated that various modifications, adaptations, and alternative embodiments 
thereof may be made within the scope and spirit of the present invention. The invention 
is further defined by the following claims. 
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